On August 20 and September 9, 1975, two Viking spacecraft were launched from Cape Canaveral, Fla. The mission of these unmanned spacecraft is the scientific exploration of the planet Mars, with special emphasis on the search for extraterrestrial life. A miniature, automated biological laboratory, The Viking Lander Biology Instrument, will be used to detect life on the Martian surface (11) . The first of the Viking spacecraft is scheduled to land on Mars in July 1976. To insure that no terrestrial microorganisms would be transported to the planet via the spacecraft, both spacecraft were assembled and tested under controlled environmental conditions to reduce the microbial contamination on the spacecraft surfaces. This was in compliance with an international agreement that required that the probability of contaminating the planet Mars be less than 1/1,ooo during the period of biological exploration (9, 10, 15) , a requirement that led to a United States allocation of 2 x 10-4 for both Viking spacecraft (17 In addition to the 250 samples, 25 sterile controls (10%) were included for each sampling period. These controls challenged both the sampling and assay procedures. Sterility checks were done on 5% of all supplies and materials used in the assay procedure prior to their use. Bacteriological media were incubated for a minimum of 3 days prior to use. Semiannual calibration or certification (or both) was required of laboratory equipment, such as incubators, water baths, thermometers, and laminar-flow clean benches.
All laboratory procedures were performed in a horizontal laminar-flow clean bench (6) to eliminate background airborne contamination. Other precautions taken to insure against extraneous contamination included: the use of sterile gloves by bioassay personnel while processing samples; use of media control plates; sterilization of all liquids that would come into contact with the test tube containing the sample; and rigorous control of personnel density in the PQL during assays.
Micrococcaceae were classified by the scheme of Baird-Parker (2), and aerobic sporeformers (Bacillus spp.) were classified by a modified version of the method of Gordon et al. (8) . Lactobacillaceae were classified by the schemes of Sharpe et al. (27) Table 1 shows the number of swab samples taken during the assembly of the various Viking spacecraft. A total of 6,683 samples were taken and assayed. Of these, 624 were negative control samples. These included both handling (sterile water blanks containing sterile cotton swab heads) and sampling (sterile cotton swab moistened in 10 ml of sterile distilled water and then broken off below the portion of the handle touched by the sampler) controls. Controls were processed in the laboratory in the same manner as spacecraft hardware samples. These negative controls constituted a minimum of 10% of the total samples taken at each sampling operation.
Data from the VO assays are presented in Table 2 . The levels of aerobic mesophilic microorganisms and spores per square meter of surface sampled were found to be relatively low. Because the front surfaces of the solar panels from each VO were sampled once, the results obtained were included in all calculations to determine the number of microorganisms per square meter obtained at the various sampling periods. Table 3 shows the results of microbial assays on the VLC and Shrouds. The levels of each spacecraft are shown in Table 4 . Although psychrophilic microorganisms have been isolated from soil samples obtained from assembly areas associated with the Viking spacecraft at Cape Canaveral (7), none were detected on the spacecraft surfaces. Efforts by T. L. Foster of Hardin-Simmons University to isolate psychrophilic and mesophilic obligate anaerobes from the heat-shocked portions of the samples were also unsuccessful (T. L. Foster, personal communication.) Members of the genus Bacillus were the most frequently isolated organisms during assay of the Precursor (Table 4) . These accounted for slightly more than 47% of the total isolates identified, a figure that represents more than twice the number of any other group isolated.
More than 55% of the organisms detected on the Viking 1 spacecraft (Table 4) were grampositive cocci (Staphylococcus spp. and Micrococcus spp.). These organisms are characteris- dust, were found to be low when compared with levels for other automated spacecraft.
The profile of organisms detected on the Viking 2 spacecraft ( The above data do not reflect the members of the genus Bacillus that were isolated and identified from heat-shocked assay samples. Although these data were not reflected in the microbial profiles of each spacecraft sampled ( (23) (24) (25) (26) . The Precursor spacecraft was found to have the highest levels of microbial contamination, and a greater percentage of those mcroorganisms was associated with soil and dust. The assembly of the spacecraft in a rigidly controlled, class 100,000 environment and stringent clean room procedures probably accounted for the low levels of microbial contamination observed. No significant differences were observed in the types of microorganisms found on Viking 1 and 2. The distribution patterns were the same when one compared the same component hardware (i.e., VLC-1 to VLC-2, VO-1 to VO-2, etc.).
The total numbers of aerobic mesophilic bacterial spores on VLC-1 and VLC-2 during the sampling period prior to lander encapsulation and terminal sterilization were calculated to be 2.54 x 10" and 2.01 x 10,, respectively (17).
These figures include the spore load of the insulation material. To obtain the final bioload on the spacecraft, the quantitative results were adjusted by a factor of two to compensate for the 50% efficiency factor of the swab-rinse technique (12) . This approach was taken because the removal and recovery efficiency factor of the swab-rinse technique has been reported by some investigators to be approximately 50% (1, 4) . When estimating the levels of microbial contamination on the VO and VLC surfaces shown in Tables 2 and 3 , the 50% efficiency factor was not considered in the mathematical computation used to obtain those quantitative results. However, the efficiency factor was used to establish the microbial levels that determined the time at temperature for the terminal sterilization cycle.
In summary, the data show that low levels of microbial contamination were maintained on the Viking spacecraft prior to and after terminal heat treatment. The types of microorganisms detected were similar to those found on previous automated spacecraft.
